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A b s t r a c t  
 
Chapter one; “(-)-Rhazinilam and (-)-Rhazinal:  Alkaloids with Anti-mitotic Properties Derived 
from Kopsia teoi”, provides the background information behind the motives that initiated this 
research project.  The plant alkaloid (-)-rhazinilam [(-)-1] and its naturally-occurring derivative 
(-)-rhazinal [(-)-13] both exhibit potent anti-mitotic activities and, as such, are interesting targets 
for total synthesis.  Chapter one is a review of the literature regarding these two compounds and 
discusses the occurrence, proposed biosynthetic origins, structural elucidation and biological 
activites of compound (-)-1 and that of its analogues including alkaloid (-)-13.  Previous total 
syntheses of these two compounds are then examined, concluding with the only reported total 
synthesis of compound (-)-13. Developed within the Banwell research group, this total synthesis 
produced the racemic modification of alkaloid (-)-13 due to a lack of any stereocontrol in the 
key intramolecular Michael addition step.  This unprecedented key step, involving cyclisation of 
the C2 of pyrrole onto an N-tethered and ,-disubstituted acrylate to produce a quaternary-
carbon stereogenic centre, would be of greatly enhanced utility if it could be achieved in a 
catalytic-enantioselective fashion.  The realisation of this goal is the central aim of the research 
conducted within this thesis. 
 
Chapter two; “Investigating Asymmetric Induction in the Intramolecular Michael Addition of 
pyrrole to N-Tethered Acrylates and Related Species”, introduces the model study used to direct 
research towards achieving the goal of asymmetric induction in the title process.  The model is a 
somewhat simplified version of the original process used in the total synthesis of compound (-)-
13 involving cyclisation of the C2 of pyrrole onto an N-tethered and -monosubstituted Michael 
acceptor, to produce a tertiary-carbon stereogenic centre.  This simplification allows the rapid 
synthesis of a broad range of potential substrates for use in the title process, thus enabling the 
investigation of various different approaches to inducing asymmetry therein.  High levels of 
asymmetric induction are observed with the use of chiral substrates or catalysts, facilitating the 
synthesis of both 6- and 7-membered rings annulated to pyrrole with construction of the 
relevant tertiary-carbon stereogenic centre in enantio-enriched form.  For the reactions 
producing a 6-membered ring annulated to pyrrole, unambiguous proof of the absolute sense of 
asymmetric induction observed in the intramolecular Michael addition event is established 
using a chemical correlation study involving elaboration of a key indolizine-type cyclisation 
product, to the plant alkaloid of known absolute stereochemistry, (-)-tashiromine [(-)-75]. For 
the reaction producing a 7-membered ring annulated to pyrrole, the same information is 
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obtained via X-ray crystallographic analyses of a dibrominated derivative of a key 
pyrroloazepine-type cyclisation product. 
 
Chapter three “An Enantioselective Total Synthesis of the Alkaloid (-)-Rhazinal:  An Anti-
mitotic Agent Isolated from Kopsia teoi.”, focuses on the application of methodology developed 
in the previous chapter, to the original goal of inducing asymmetry in the intramolecular 
Michael addition reaction, involving cyclisation of the C2 of pyrrole onto an N-tethered and 
,-disubstituted acrylate to produce a quaternary-carbon stereogenic centre. This is ultimately 
achieved in a catalytic-enantioselective fashion, resulting in the first such total synthesis of the 
anti-mitotic alkaloid (-)-rhazinal [(-)-13]. 
 
Chapter four “Extending the Reaction Manifold to the Syntheses of Related Natural Products:              
A Formal Total Synthesis of (+)-Aspidospermidine and Syntheses of (-)-Rhazinilam and (-)-
Leuconolam from (-)-Rhazinal”, describes three extensions to the reaction manifold used in the 
enantioselective total synthesis of alkaloid (-)-13:   
The acquisition in an enantioselective manner, of an intermediate previously obtained in 
racemic form, en route to the racemic modification of the natural product (±)-aspidospermidine 
[(±)-134],  constitutes  a  formal  and  enantioselective  total  synthesis  of (+)-aspidospermidine  
[(+)-134].   
The direct deformylation of (-)-rhazinal [(-)-13], is carried out,  to  produce  the  parent  alkaloid  
(-)-rhazinilam [(-)-1].   
The pyrrole ring present in (-)-rhazinilam [(-)-1] is oxidised, to produce the related natural 
product (-)-Leuconolam [(-)-12] which has not, hitherto, been prepared by total synthesis. 
 
Chapter five contains the experimental procedures and characterisation data associated with 
compounds described in chapters two to four. 
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G l o s s a r y   
 
The following abbreviations have been used throughout this thesis: 
 
Å  angstrom 
Ac  acetyl 
AcOH  acetic acid 
Ac2O  acetic anhydride 
aq.  aqueous 
atm.  atmospheres 
BF3•Et2O boron trifluoride diethyl etherate 
box  bis-oxazolinyl 
Bu  butyl 
Bz  benzyl 
ca.  circa (approximately) 
cat.  catalyst 
conc.  concentrated 
  chemical shift (parts per million) 
DCC  dicyclohexylcarbodiimide 
DCM  dichloromethane 
d.e.  diastereomeric excess 
DIBAL-H diisobutylaluminium hydride 
DMAP  4-(N,N-dimethylamino)pyridine 
DMF  N,N-dimethylformamide 
E  entgegen (apart or opposite) 
EDCI  1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
e.e.  enantiomeric excess 
EI   electron impact 
Et  ethyl 
Et3N  triethyl amine 
Et2O  diethyl ether 
eq.  equivalents 
eV  electron volt 
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FGI  functional group interconversion(s) 
g  gram(s) 
gen  generation 
h  hour(s) 
HFIP  1,1,1,3,3,3-hexafluoroisopropanol 
HMDS  hexamethyldisilazane 
HPLC  high performance liquid chromatography 
HRMS  high resolution mass spectrum 
Hz  Hertz 
IR  infrared 
i-Pr  iso-propyl 
J  coupling constant (Hz)\ 
lit.  literature 
M+•  molecular ion 
m-CPBA meta-chloroperbenzoic acid 
Me  methyl 
MHz  Mega-Hertz 
min  minute(s) 
mol  mole(s) 
MOM  methoxymethyl 
MM2  molecular mechanics, Allinger modification 
mp  melting point (°C) 
MS  molecular sieves 
Ms  methanesulfonyl / mesyl 
m/z  mass-to-charge ratio 
NMR  nuclear magnetic resonance 
max  infrared absorption maxima (cm-1) 
OCM  olefin cross-metathesis 
PCC  pyridinium chlorochromate 
Ph  phenyl 
8PM  (-)-8-Phenylmenthyl 
QSAR  quantitative structure-activity relationship 
Rf  retardation factor 
Rt  retention time 
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SAR  structure-activity relationship 
sat.  saturated 
TBAF  tetra-n-butylammonium fluoride 
TBS  tert-butyldimethylsilyl 
t-Bu  tertiary-butyl 
Tf  trifluoromethanesulfonyl 
TFA  trifluoroacetic acid / trifluoroacetate 
Ts  p-toluenesulfonyl / tosyl 
THF  tetrahydrofuran 
TLC  thin layer chromatography 
v  volume 
viz.  videlicit (namely) 
WHE  Wadsworth-Horner-Emmons 
wt  weight 
Z  zusammen (together) 
 
 
 
